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(37) ABSTRACT

A driver 1C for a display that includes a first D/A converter
with a 1% selection circuit that receives 1°” image signals and
supplies a selected positive divisional voltage to a 1*° opera-
tional amplifier, which supplies a positive pixel voltage by
amplifying the selected positive divisional voltage; a 2"¢ D/A
converter with a 2" selection circuit that receives 2" image
signals and supplies a selected negative divisional voltage to
a 2" operational amplifier, which supplies a negative pixel
voltage by amplityving the selected negative divisional volt-
age; and a polarity switching switch with 1* and 2" switches
connecting the 1°° and 2" D/A converters respectively, the
polarity switching switch being switched to supply each of
output terminals corresponding to the 1°* and 2”¢ image sig-
nals alternately with the positive and negative pixel voltages
every horizontal scan period by activating/inactivating the 1*
and 2”? switches in a complementary manner.

15 Claims, 12 Drawing Sheets
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Fig.1 (Prior Art)
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Fig.3(Prior Art)
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DRIVER IC FOR DISPLAY AND DISPLAY
INCLUDING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This 1s a divisional of application Ser. No. 10/701,856, filed
Nov. 5, 2003, now U.S. Pat. No. 7,268,763 which 1s based
upon and claims the benefit of priority from the prior Japanese
Patent Application No. 2002-325743, filed on Nov. 8, 2002,

the entire contents of which are incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

The present invention relates to a method for driving a
display and a drive circuit for a display.

An electronic device, such as a notebook type personal
computer, employs a liquid crystal display, which 1s provided
with a multiple gray scale display function. A dniver IC,
which drives the display, includes a gray scale selection cir-
cuit for selecting a gray scale voltage 1n accordance with an
image signal. The gray scale selection circuit includes a mul-
tiplicity of gates and occupies a large portion of the driver IC.
Thus, to reduce the size of the driver IC, 1t 1s required that the
number of gates in the gray scale selection circuit be
decreased.

In the liguid crystal display of the prior art, the pixel volt-
age applied to each pixel cell of a liquid crystal display panel
(LCD panel) 1s controlled to realize a multiple gray scale
display. FIG. 1 1s a schematic diagram showing a prior art
example of a driver IC 1 for dniving an LCD panel.

A logic section 2, which serves as a controller, 1s arranged
in the middle of the driver IC 1. A data latch circuit 3, a gray
scale selection circuit 4, and an operational amplifier 5 are
configured on each of the left and rnight sides of the logic
section 2. The gray scale selection circuit 4 includes a plural-
ity of gates and occupies about thirty percent of the entire
chip. For example, in a driver IC that drives eight bit data lines
with 256 gray scales, a driver IC having 480 outputs would
have to have a total of 983,040 gates on the entire chip.

FIG. 2 1s a schematic diagram of the gray scale selection
circuit 4 1n the prior art. The gray scale selection circuit 4 1s
connected to a series-connected circuit 2a, which includes
ladder resistors R, and receives a divisional voltage generated
by the ladder resistors R. The ladder resistors R divide a
reference voltage into, for example, 256. In other words, the
divisional voltages generated by the ladder resistors R corre-
spond to 256 gray scales. Further, referring to FIG. 1, the
series-connected circuit 2a¢ of the ladder resistors R 1s
arranged 1n the logic section 2. A plurality of gray scale lines
6 connect the series-connected circuit 2a and the gray scale
selection circuit 4.

As shown 1n FIG. 2, the gray scale selection circuit 4
includes a plurality of switch circuits 7. One end of each
switch circuit 7 1s connected to a connection node between
ladder resistors R (voltage dividing node). The other end of
cach switch circuit 7 1s connected to an input terminal of an
operational amplifier 8. In accordance with 1nput signals D0
to D7, which are generated for eight bits, one of the switch
circuits 7 1s activated. This outputs the desired divisional
voltage from the operational amplifier 8 1n accordance with
the iput signals D0 to D7.

With reference to FIG. 3, each switch circuit 7 has a plu-
rality of (e1ght) series-connected switches 9 corresponding to
the input signals D7 to D0. As shown in FIG. 4(a), each switch
9 1s a transter gate, which 1s configured by an n-channel MOS
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transistor and a p-channel MOS transistor and which 1s acti-
vated and 1nactivated by complementary signals D and /D (D0

to D7, and D0/ to D7/). Each switch may be a gate configured
only by an n-channel MOS transistor, as shown in FI1G. 4(b),
or a gate configured only by a p-channel MOS ftransistor, as
shown 1n FIG. 4(c¢)

The gray scale selection circuit 4 requires a plurality of
switches (gates) 9. This enlarges the chip area. Accordingly,
proposals have been made to decrease the number of gates
used 1n the gray scale selection circuit 4 to reduce the chip
arca (e.g., Japanese Laid-Open Patent Publication No.
9-138670 and Japanese Laid-Open Patent Publication No.
0-258693). More specifically, the publications each describe
a voltage dividing circuit, which generates a divisional volt-
age, 1nto two stages to decrease the number of gray scale
voltage selection switches and reduce the chip area.

However, 1n the technology described 1in the publications, a
bulfer for performing impedance conversion 1s inserted
between the first stage of the divisional circuit and the second
stage of the divisional circuit. The buifer that 1s used 1s an
operational amplifier. The employment of the operational
amplifier 1s disadvantageous 1n that the circuit area increases
and the manufacturing cost increases. Further, the operational
amplifier has an offset value that produces an output error.
Thus, when 1ncreasing the gray scales, the potential differ-
ence between gray scale voltages decreases and high accu-
racy becomes necessary. Thus, the application of the above
prior art technology 1s difficult.

SUMMARY OF THE INVENTION

One aspect of the present invention 1s a method for gener-
ating pixel voltage to drive a display. The method 1ncludes
generating a plurality of divisional voltages by dividing a
predetermined reference voltage, and selecting one of the
divisional voltages by selectively activating at least one of a
plurality of first switch circuits with a selection signal. Each
of the first switch circuits has an ON resistance when acti-
vated. The method further includes generating the pixel volt-
age by further dividing the selected one of the divisional
voltages with at least the ON resistance of the activated one of
the first switch circuits.

A further aspect of the present invention 1s a drive circuit
for a display. The drive circuit includes a first voltage dividing
circuit for generating a plurality of divisional voltages by
dividing a predetermined reference voltage. A selection cir-
cuit 1s connected to the first voltage dividing circuit to recerve
a selection signal and select one of the divisional voltages.
The selection circuit includes a plurality of first switch cir-
cuits that are selectively activated in response to the selection
signal to select one of the divisional voltages, with each of the
first switch circuits being provided with a logic switch func-
tion and having an ON resistance when activated, and at least
an activated one of the first switch circuits generating a pixel
voltage for supply to the display by further dividing the
selected one of the divisional voltages.

A further aspect of the present invention 1s a D/A converter
for rece1ving a plurality of divisional voltages and converting
a digital signal to an analog voltage with the divisional volt-
ages. The D/A converter includes a selection circuit for
receiving the divisional voltages and the digital signal to
select one of the divisional voltages. The selection circuit
includes a plurality of first switch circuits that are selectively
activated 1n response to the digital signal to select one of the
divisional voltages, with each of the first switch circuits being
provided with a logic switch function and having an ON
resistance when activated, and at least an activated one of the
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first switch circuits further dividing the selected one of the
divisional voltages with the ON resistance.

A turther aspect of the present mvention 1s a method for
generating a predetermined voltage with a digital signal. The
method includes generating a plurality of divisional voltages
by dividing a predetermined reference voltage, and selecting,
one of the divisional voltages by selectively activating at least
one of a plurality of first switch circuits with the digital signal.
Each of the first switch circuits has an ON resistance when
activated. The method further includes generating the prede-
termined voltage by further dividing the selected one of the
divisional voltages with at least the ON resistance of the
activated one of the first switch circuits.

Other aspects and advantages of the present invention will
become apparent from the following description, taken in
conjunction with the accompanying drawings, illustrating by
way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The vention, together with objects and advantages
thereol, may best be understood by reference to the following
description of the presently preferred embodiments together
with the accompanying drawings 1n which:

FI1G. 11s a schematic diagram of a driver 1C 1n the prior art;

FI1G. 2 1s a schematic block circuit diagram illustrating part
of the driver IC of FIG. 1;

FIG. 3 1s a schematic circuit diagram of a switch circuit
incorporated in the driver 1C of FIG. 1;

FI1G. 4 1s a diagram illustrating a switch incorporated 1n the
switch circuit of FIG. 3;

FIG. 5 1s a schematic block circuit diagram of a liquid
crystal display including a driver IC according to a first
embodiment of the present invention;

FIG. 6 1s a schematic diagram of the driver IC according to
the first embodiment of the present invention;

FIG. 7 1s a schematic circuit diagram of a gray scale selec-
tion circuit incorporated 1n the driver IC of FIG. 6;

FIG. 8 1s a circuit diagram of a switch circuit incorporated
in the gray scale selection circuit of FIG. 7;

FIG. 9 1s a schematic circuit diagram of a short switch
incorporated 1n the gray scale selection circuit of FIG. 7;

FI1G. 10 1s a decoding chart used by the short switch of FIG.
9.

FIG. 11 1s a diagram 1illustrating resistors of a gray scale
line 1n the driver IC of FIG. 6;

FI1G. 12 1s a schematic block circuit diagram 1llustrating an
example of the gray scale selection circuit;

FIG. 13 1s a circuit diagram of a gray scale selection circuit
according to a second embodiment of the present invention;

FIG. 14 1s a schematic diagram of a driver I1C according to
a third embodiment of the present invention; and

FIG. 15 1s a schematic block circuit diagram 1llustrating

part of the driver IC of FIG. 14.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the drawings, like numerals are used for like elements
throughout.

FIG. 5 1s a schematic block circuit diagram of the liquid
crystal display 11. The liquid crystal display 11 includes a
liquad crystal display panel (LCD panel) 12, a vertical drive
circuit (gate driver) 13, and a horizontal drive circuit (source
driver) 14. The LCD panel includes a plurality of scan lines
(gate lines) G1 to Gn and a plurality of data lines (source
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lines) S1 to Sm. The scan lines G1 to Gn are perpendicular to
the data lines S1 to Sm. The letters n and m are integers.

A pixel cell GC 1s arranged at each intersection of the scan
lines G1 to Gn and the data lines S1 to Sm. Each pixel cell GC
includes an auxiliary (storage) capacitor CS, which 1s a signal
storage device, and a liquid crystal cell LC. A thin film tran-
sistor (TF'T) 15 connects each pixel cell GC to the corre-
sponding scan lines G1 to Gn and the data lines S1 to Sm.

Each of the scan lines G1 to Gn 1s connected to the gate of
the corresponding one of the TF'T's 15. Each of the data lines
S1 to Sm 1s connected to the source of the corresponding one
of the TFTs 15. The drain of each TFT 13 1s connected to a
first electrode (display electrode) of the corresponding liquid
crystal cell LC. A common voltage Vcom 1s applied to a
second electrode (common electrode) of the liquid crystal cell
LC. The liguid crystal cell LC 1s connected 1n parallel to the
corresponding one of the auxiliary capacitances CS.

The scan lines G1 to Gn are connected to the gate driver 13,
which receives a control signal. In accordance with the con-
trol signal, the gate driver 13 generates a scan signal (gate
signal) and sequentially applies the scan signal to the scan
lines G1 to Gn.

The data lines S1 to Sm are connected to the source driver
14. The source driver 14 recerves the control signal and an
image signal. In accordance with the control signal and the
image signal, the source driver 14 generates segment voltage
(pixel voltage) and supplies each of the data lines S1 to S3
with the segment voltage.

In accordance with the control signal, the gate driver 13 and
the source driver 14 respectively perform vertical scanming
and horizontal scanning. In this manner, the display 11 shows
an 1mage, which 1s based on the control signal and the image
signal, on the liquid crystal panel 12.

FIG. 6 1s a schematic diagram 1llustrating a driver 1C 21
according to a first embodiment of the present invention. The
source driver 14 includes one or more driver ICs 21. The 1C
driver of the first embodiment 1s a semiconductor device that
achieves, for example, a 256 gray scale display.

A logic section 22, which functions as a controller, 1s
configured at the middle of the driver IC 21. A digital section
23 and an analog section 24 are configured at each of the left
and right sides of the logic section 22. Each digital section 23
includes a plurality of data latch circuits 25 and level shifters
26. Each analog section 24 includes a plurality of gray scale
selection circuits 27 and operational amplifiers 28.

The driver IC 21 1ncludes ladder resistor type D/ A convert-
ers. Each D/A converter 1s configured by a set of one of the
gray scale selection circuits 27 and one of the operational
amplifiers 28 1n each analog section 24. The D/A converter 1s
used to supply the pixel cell GC with a segment voltage
corresponding to an image signal. More specifically, the logic
section 22 mncludes a series-connected circuit 22q of ladder
resistors. A plurality of gray scale lines 29 connect the ladder
resistor series-connected circuit 22q and the gray scale selec-
tion circuits 27. The divisional voltages generated by the
ladder resistors are supplied to the gray scale selection cir-
cuits 27 through the gray scale lines 29. The desired pixel
voltage 1s output from the gray scale selection circuits 27 via
the operational amplifiers 28.

FIG. 7 1s a schematic diagram illustrating a gray scale
selection circuit 27 of the first embodiment. As shown in FIG.

7, the gray scale selection circuit 27 includes a plurality of
switch circuits 31 and first to fifth short switches SW1 to

SWS5. Each switch circuit 31 1s activated and inactivated 1n

accordance with input signals D7 to D2. The short switches
SW1 to SWS5 are activated and inactivated in accordance with

the input signals D2 to D0. Each of the input signals D7 to DO
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1s an eight bit 1mage signal provided from the data latch
circuit 25. The 1nput signals D7 to DO control the selection
operation of the gray scale selection circuit 27.

In the first embodiment, each divisional voltage of the
ladder resistors R0 to R7 corresponds to 64 gray scales and
has a voltage value obtained by selecting every four of 256
gray scales. The switch circuits 31 and the short switches
(voltage dividing switches) SW1 and SW2 divide the divi-
sional voltages of the 64 gray scales to generate the voltages
of 256 gray scales. The voltages of the 256 gray scales are
provided to the corresponding operation amplifier 28 through
one of the short switches SW3 to SWS5.

Among connection nodes (voltage dividing nodes) P1 to
P7 of the ladder resistors R0 to R7, the odd numbered voltage
dividing nodes P1, P3, PS5, and P7 are each connected to a first
line L1 by a switch circuit 31. The even numbered voltage
dividing nodes P2, P4, and Pé are each connected to a second
line L2 by a switch circuit 31.

The first line L1 1s connected to the first short switch SW1,
and the second line L2 1s connected to the second short switch
SW2. The short switches SW1 and SW2 are connected to
cach other. A connection node of the short switches SW1 and
SW2 1s connected to the non-inverting input terminal of the
operational amplifier 28 by the fourth short switch SW4.
Further, the first line L1 1s connected to the non inverting
terminal of the operational amplifier 28 by the fifth short
switch SWS5. The second line L2 1s connected to the non-
inverting input terminal of the operational amplifier 28 via the
third short switch SW3.

As shown 1n FIG. 8, the switch circuits 31 (31a to 31d)
include six p-channel MOS transistors, which are connected
in series to each other. The p-channel MOS transistor may be
an n-channel MOS transistor or the transier gate ol FIG. 4(a).

In the switch circuit 31a, the signals D7, D6, D5, D4, D3,
and D2 are sequentially provided to the gate of each transistor
from the left as viewed 1n FIG. 8. In the switch circuit 315, the
signals D7, D6, D5, D4, and D3 and a signal having a low
level are provided to the gate of each transistor. In the switch
circuit 31c, the signals D7, D6, D5, D4, D3, D2/ are provided
to the gate of each transistor. In the switch circuit 314, the
signals D7, D6, D5, D4, D3/, and D2 are provided to the gate
ol each transistor.

Accordingly, the transistors included in the area sur-
rounded by the broken lines are activated by the signals D7 to
D3. If the switch circuit 315 connected to the voltage dividing
node P2 1s activated when the signals D7 to D3 are low, the
switch circuit 31a 1s activated when the signal D2 1s low. In
this state, the voltage at the voltage dividing node P2 1s
transmitted to the first line L1 through the switch circuit 31a,
and the voltage at the voltage dividing node P2 1s transmitted
to the second line L2 through the switch circuit 315. From this
state, when the signal D2 goes high, the switch circuit 31a 1s
inactivated and the switch circuit 31c¢ 1s activated. This trans-
mits the voltage at the voltage dividing node P3 to the first line
L1 through the switch circuit 315.

In this manner, 1in the gray scale selection circuit 27 of FIG.
7, one of the resistors R0 to R7 1s selected 1n accordance with
the input signals D7 to D2 to activate the two switch circuits
31 connected to the selected resistor. When the first and
second short switches SW1 and SW?2 are activated, the series-
connected circuit that 1s configured by the switch circuit 31
and the first short switch SW1 and the series-connected cir-
cuit that 1s configured by the short switch SW2 and the switch
circuit 31 are connected 1n parallel to the selected resistor. In
this case, the ON resistance of the switch circuits 31 and the
switches SW1 and SW2 divide the voltages at the two ends of
the selected resistor. In other words, the switch circuit 31 and
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the series-connected circuit consisting of the short switches
SW1 and SW2 function as a voltage dividing circuait.

Thus, the voltage at the first line L1, the voltage at the
second line L2, and the voltage at the connection node of the
switches SW1 and SW2 has a median voltage value with
respect to the divisional voltage of the ladder resistors. When
any one of the short switches SW3 to SW3 1s activated, the
operational amplifier 28 1s supplied with the corresponding
voltage (1.e., the voltage corresponding to the 256 gray
scales). In other words, the activation and inactivation of the
short switches SW1 to SW35 are controlled to output the
voltages of the 256 gray scales with the operational amplifier
28.

FIG. 9 shows an example of the short switches SW1 to
SWS 1n detail. To perform switching operations (refer to FIG.
10) 1n accordance with the input signals D2 to D0, each of the
short switches SW1 to SW5 1s configured by a plurality of
switching devices (e.g., p-channel MOS transistors). When
the short switches SW1 and SW2 are activated, six MOS
transistors are connected 1n series to equalize the ON resis-
tance of the short switches SW1 and SW2 with the ON resis-
tance of the switch circuit 31.

Referring to FIG. 11, 1n the first embodiment, the gray
scale lines 29 connected to the gray scale selection circuit 27
extend laterally. Line resistors ro of the gray scale line 29
serves as the offset component of the divisional circuit and
influences the divisional voltage. The influence of the line
resistors ro 1s greater at gray scale selection circuits 27 located
farther from the chip center (1.¢., the series-connected circuit
22a of ladder resistors). For example, with respect to ON
resistors ra to rd of the voltage dividing circuit, when the
divisional voltage between the ON resistor rd and the ON
resistor rc 1s selected, the divisional voltage generated by the
ON resistor rd and the and the line resistor ro 1s output from
the gray scale selection circuit 27. In other words, 1n the
voltage dividing circuit of the gray scale selection circuit 27,
the divisional voltage of the ladder resistor R1 1s divided 1nto
four by the resistors ra and ro, the resistor rb, the resistor rc,
and the resistors rd and ro.

Therefore, 1n the first embodiment, the ON resistors rb and
rc are adjusted based on the assumed increase in the resistance
of the line resistor ro. In other words, each gray scale selection
circuit 27 near the chip center 1s configured to have an ON
resistance that 1s the same as the values 1t 1s designed to have.
Each gray scale selection circuit 27 (ON resistor rb and rc)
separated from the chip center 1s configured to have an ON
resistance that increases 1in accordance with the distance from
the chip center. This suppresses the influence of the resistors
of the gray scale line 29.

The operation of the gray scale selection circuit 27 1n the
first embodiment will now be discussed with reference to
FIG.12. FIG. 12 1s a schematic block circuit diagram of a gray
scale selection circuit 27q for 16 gray scales. In the gray scale
selection circuit 27a, switch circuits 31q to 31g are activated
and 1nactivated 1n accordance with the mput signals D3 and
D2. The switches SW1 to SW5 are activated and 1nactivated
in accordance with the input signals D2 to DO (refer to FIG.
10).

An example in which the gray scale selection circuit 27a
selects the voltage Vpl at the voltage dividing node P1 wall
now be discussed. In such a case, the input signals D3 and D2
activate the switch circuits 31a and 315 to transmit the voltage
Vpl at the voltage dividing node P1 to the first line L1 and
transmit the voltage Vp2 at the voltage dividing node P2 to the
second line L.2.

The mput signals (D2=0, D1=0, and D0=0) 1nactivate the
switch SW1, activate the switch SW2, 1nactivate the switch
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SW3, inactivate the switch SW4, and activate the switch SW5
(referto FIG. 10). This supplies the voltage Vp1 at the voltage
dividing node P1 to the operational amplifier 28 via the switch
circuit 31a, the first line [.1, and the switch SWS5. As a result,
the voltage Vpl 1s output from the operational amplifier 28.

Next, an example 1n which a median voltage between the

voltage Vpl at the voltage dividing node P1 and the voltage
Vp2 at the voltage dividing node P2 will now be discussed. In
this case, the input signals (D2=0, D1=0, and D0=1) activate
the switch SW1, activate the switch SW2, inactivate the
switch SW3, inactivate the switch SW4, and activate the
switch SWS5 (refer to FIG. 10). The activation of the switches
SW1 and SW2 connects the resistor R1 parallel to the series-
connected circuit configured by the switch circuit 31a, the
switch SW1, the switch SW2, and the switch circuit 315. The
series-connected circuit functions as a voltage dividing cir-
cuit for generating the median voltage of the voltages Vpl and
Vp2 at the voltage dividing nodes P1 and P2. The voltage at
the connection node between the switch circuit 31a and the
switch SW1 1s supplied to the operational amplifier 28 via the
switch SW5. In the first embodiment, the ON resistances of
the switch circuits 31a and 3156 and the switches SW1 and
SW2 are set, for example, so that they are substantially equal
to one another. Accordingly, the input voltage of the opera-
tional amplifier 28 (the gray scale voltage selected by the
selection circuit 27) has a value obtained by adding %4 of the
potential difference between the voltage Vpl and the voltage
Vp2 to the voltage Vp2.

When the mput signals (ID2=0, D1=1, and D0=0) activate
the switches SW1 and SW2, inactivate the switches SW3 and
SWS3, and activate the switch SW4 (refer to FIG. 10), the
voltage at the connection node between the switch SW2 and
the switch SW1 1s supplied to the operational amplifier 28 via
the switch SW4. In this case, the mnput voltage of the opera-
tional amplifier 28 has a value obtained by adding 4 of the
potential difference between the voltage Vpl and the voltage
Vp2 to the voltage Vp2.

When the mput signals (D2=0, D1=1, and D0=1) activate
the switches SW1 and SW?2, activate the switch SW3, and
inactivate the switches SW4 and SW5 (refer to FIG. 10), the
voltage at the connection node between the switch SW2 and
the switch circuit 315 1s input to the operational amplifier 28
via the switch SW3. In this case, the input voltage of the
operational amplifier 28 has a value obtained by adding V4 of
the potential difference between the voltage Vpl and the
voltage Vp2 to the voltage Vp2.

When the gray scale selection circuit 27 selects the voltage
Vp2 of the voltage dividing node P2, the input signals D3 and
D2 activate the switch circuits 31¢c and 31d. The input signals
(D2=1, D1=0, and D0=0) 1nactivate the switch SW1, activate
the switch SW2, activate the switch SW3, inactivate the
switch SW4, and inactivate the switch SW5 (refer to FI1G. 10).
In this case, the voltage Vp2 at the voltage dividing node P2 1s
supplied to the operational amplifier 28 via the switch circuit
31c¢, the second line L2, and the switch SW3, and the voltage
Vp2 1s output from the operational amplifier 28.

When the median voltage between the voltage Vp2 at the
voltage dividing node P2 and the voltage Vp3 at the voltage
dividing node P3 1s selected, the mput signals D2 to DO
activate the switches SW1 and SW2. This configures a volt-
age dividing circuit with the switch circuit 31c¢, the switch
SW2, the switch SW1, and the switch circuit 314. When one
of the switches SW3 to SWS 1s activated, the median voltage
between the voltage Vp2 and the voltage Vp3 1s selected to
supply the selected median voltage from the gray scale selec-
tion circuit 27a to the operational amplifier 28.
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When selecting the other voltages Vp3, Vp4, and Vp5 or
the median voltage of these voltages, the switch circuits 31a
to 31/ and the switches SW1 to SW5 are activated and 1nac-
tivated 1n accordance with the mput signals D3 to D0 to select
the input voltage of the operational amplifier 28.

The operation of the gray scale selection circuit 27 1s
checked when testing the driver IC 21. More specifically, the
selection of 64 gray scales with the activation and 1nactivation
of the switch circuit and the selection of 16 gray scales with
the activation and inactivation of the short switches SW1 to
SWS3 are checked. That 1s, the testing of the driver IC 21 with
regard to the gray scale output ends after checking the selec-
tion of the 80 gray scales.

The dniver IC 21 of the first embodiment has the advantages
described below.

(1) The nput signals D7 to D0 activate and inactivate the
switch circuit 31 and the short switches SW1 to SWS5 1n the
gray scale selection circuit 27 to select one of the divisional
voltages. In this case, the ON resistance of the short switches
SW1 and SW2 further divides the divisional voltage gener-
ated by the ladder resistors R0 to R7. This decreases the
number of gates configuring the gray scale selection circuit
27. Further, the switch circuit 31 and the short switches SW1
and SW2 have the functions of a logic switch and the func-
tions of a voltage dividing resistor. This reduces the circuit
area in comparison to when the logic switch and the voltage
dividing resistor are provided separately. Accordingly, reduc-
tion of the chip size of the driver IC 21 1s enabled.

(2) The ON resistances of the switch circuit 31 and the
short switches SW1 and SW2 are substantially equal to one
another. This enables accurate generation of the pixel voltage
required for gray scales on the display 11.

(3) The impedances of the switch circuit 31 and the short
switches SW1 and SW2 are adjusted to suppress the influence
of the ofiset resistance generated by the gray scale lines.

(4) To test the prior art IC 1 that achueves 256 gray scales,
the selection of 256 gray scales must be checked. In compari-
son, the driver IC 21 requires only the checking of 80 gray
scales. This shortens the test time and saves test costs.

(5) In the gray scale selection circuit 27, the switch circuit
31 1s activated and 1nactivated 1n accordance with the input
signals D7 to D2 that correspond to the upper six bits. Further,
the short switches SW1 to SWS5 are activated and 1nactivated
in accordance with the input signal D2 to D0 that correspond
to the lower three bits. This 1s preferable for selecting the gray
scale voltage corresponding to the data values of the input
signals D7 to DO.

FIG. 13 1s a schematic circuit diagram of a gray scale
selection circuit 40 according to a second embodiment of the
present invention. The gray scale selection circuit 40 1s con-
figured by combining the prior art gray scale selection circuit
4 of FIG. 2 and the gray scale selection circuit 27 of the first
embodiment.

The gray scale selection circuit 40 includes a first selection
section 41, a second selection section 42, and a third selection
section 43. The second selection section 42 1s configured
between the first selection section 41 and the third selection
section 43.

The circuit configuration of the first and third selection
sections 41 and 43 are similar to that of the gray scale selec-
tion circuit 4 in the prior art. Further, the circuit configuration

of the second selection section 42 1s similar to that of the gray
scale selection circuit 27 in the first embodiment. The first and
third selection sections 41 and 43 include switch circuits 7,
cach having eight series-connected switches. Further, the first
and third selection sections 41 and 43 directly supplies the
divisional voltages generated by the ladder resistors to the
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operational amplifier 28. The second selection section 42
includes switch circuits 31, each having six series-connected
switches, and short switches SW1 to SWS5. The second selec-
tion section 42 divides the divisional voltages generated by
the ladder resistors and supplies the divided voltages to the
operational amplifier 28.

The divisional voltages generated by the ladder resistors
and supplied to each switch circuit 7 of the first and third
selection sections 41 and 43 correspond to the 2356 gray
scales. The divisional voltage of the ladder resistors supplied
to the switch circuits 31 of the second selection section 42
corresponds to the 64 gray scales.

The divisional voltages generated by the ladder resistors
and supplied to the switch circuit 7 of the first and third
selection sections 41 and 43 correspond to 256 gray scales.
The divisional voltages generated by the ladder resistors and
supplied to each switch circuit 31 of the second selection
section 42 correspond to 64 gray scales.

In the second selection section 42, voltage dividing circuits
configured by the switch circuits 31 and the short switches
SW1 and SW2 generate median voltages for four gray scales.
The switch circuits 31 and the short switches SW1 and SW2
are configured so that theirr impedances are substantially the
same.

To accurately generate median voltages for four gray scales
with a configuration 1n which 240 gray scale selection circuits
are connected parallel to one ladder resistor, the ratio of the
sum of the impedances of the switch circuits 31 and the
switches SW1 and SW2 relative to the impedances of the
ladder resistors must be about 2400:1 ((240x10):1). Accord-
ingly, in the second embodiment, the first and third selection
sections 41 and 43 having the prior art circuit configurations
are used in a range in which the ratio of the impedances
increases and median voltages corresponding to 236 gray
scales cannot be generated by the voltage dividing circuait.

The gray scale selection circuit 40 of the second embodi-
ment has the advantages described below.

(1) The gray scale selection circuit 40 includes the second
selection section 42, which has the same circuit configuration
as that ol the gray scale selection circuit 27 in the first embodi-
ment. Thus, the number of gates 1s decreased 1n comparison to
the gray scale selection circuit 4 of the prior art. The gray
scale selection circuit 40 enables the chip size of the driver IC
21 to be reduced.

(2) The gray scale selection circuit 40 includes the second
selection section 42, the circuit configuration of which 1s
similar to that of the gray scale selection circuit 27 1n the first
embodiment, and the first and third selection sections 41 and
43, the circuit configurations of which are similar to that of the
gray scale selection circuit 4 1n the prior art. Thus, the gray
scale voltages for 256 gray scales are accurately generated.

FI1G. 14 1s a schematic diagram of a driver IC 51 according,
to a third embodiment of the present mvention. To prevent
deterioration of liquid crystals in the liquid crystal panel 12,
the polarity of the drive voltage (pixel voltage) supplied from
the source driver 14 to the pixel cells GC 1s inverted. The
driver 1C 51 of the third embodiment includes a circuit for
supplying the pixel cells GC with positive voltage and a
separate circuit for supplying the pixel cells GC with negative
voltage.

More specifically, as shown in FI1G. 14, a logic section 52 of
the driver I1C 51 includes a positive voltage dividing circuit
52a and a negative voltage dividing circuit 325, which are
configured by ladder resistors. The first voltage dividing cir-
cuit 52a generates a positive divisional voltage from a com-
mon voltage Vcom, and the second voltage dividing circuit
52b generates a negative divisional voltage from the common
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voltage Vcom. Each ladder resistor of the first voltage divid-
ing circuit 52a 1s connected to a first selection circuit 55 via a
positive gray scale line 53a. Fach ladder resistor of the second
voltage dividing circuit 5254 1s connected to a second selection
circuit 56 via a negative gray scale line 335.

FIG. 15 1s a schematic block circuit diagram illustrating
part of the driver IC 51. The driver IC 31 includes a plurality
of first and second D/A converters 57 and 58. Each first D/A
converter 57 includes a first selection circuit (selector) 55 and
an operational amplifier 539. Each second D/A converter 58
includes a second selection circuit (selector) 56 and an opera-
tional amplifier 59. The circuit configurations of the selectors
55 and 56 are similar to the gray scale selection circuit 27 of
the first embodiment.

The selector 55 of each first D/A converter 57 receives first
image signals (input signals) Vd1 and Vd3 and first gray scale
voltages Val to Va64. The selector 56 of each second D/A
converter 58 receives second 1mage signals (1nput signals)
Vd2 and Vd4 and second gray scale voltages Vbl to Vbod4.
Each of the image signals Vd1 to Vd4 includes eight bits of
signals D0 to D7 that are provided by a data latch circuit (not
shown).

The first gray scale voltages Val to Vab4 are positive divi-
sional voltages generated by ladder resistors of the first volt-
age dividing circuit 32a and provided from the first voltage
dividing circuit 52a through the positive gray scale lines 53a4.
The second gray scale voltages Vbl to Vb64 are positive
divisional voltages generated by ladder resistors of the second
voltage dividing circuit 526 and provided from the second
voltage dividing circuit 525 through the negative gray scale
lines 53b.

The selector 55 of each first D/A converter 57 selects a
divisional voltage of the gray scale corresponding to the first
image signals Vd1 and Vd3 1n accordance with the first gray
scale voltages Val to Va64 and supplies the selected divi-
sional voltage to the operational amplifier 59. The operational
amplifier 39 supplies the selected divisional voltage (pixel
voltage) to each pixel cell. In this manner, the first D/A
converter 37 generates a pixel voltage (positive voltage) that
1s greater than the common voltage Vcom from the first image
signals Vd1 and Vd3.

The selector 56 of each second D/A converter 58 selects a
divisional voltage of the gray scale corresponding to the sec-
ond 1image signals Vd2 and Vd4 in accordance with the sec-
ond gray scale voltages Vb1 to Vb64 and supplies the selected
divisional voltage to the operational amplifier 39. The opera-
tional amplifier 39 supplies the selected divisional voltage to
cach pixel cell (GC). Inthis manner, the second D/A converter
58 generates a pixel voltage (negative voltage) that is less than
the common voltage Vcom from the second image signals
Vd2 and Vd4.

Polarity switching switches 61 and 62 connect the first and
second D/A converters 57 and 58 to output terminals OUT1,
OUT2, OUT3, and OUT4. The polarty switching switches
57 and 58 include first and second switches 63 and 64.

The first switches 63 are connected between the output
terminal of each first D/A converter 37 and the odd number
output terminals OUT1 and OUT2 and between the output
terminal of each second D/A converter 58 and the even num-
ber output terminals OUT2 and OUT4. The second switches
64 arc connected between the output terminal of each first
D/A converter 37 and the even number output terminals
OUT2 and OUT4 and between the output terminal of each
second D/A converter 58 and the odd number output termai-
nals OUT1 and OUT 3.

A polarity switching signal activates and inactivates the
first and second switches 63 and 64 every horizontal scan
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period 1n a complementary manner. As a result, the polarity
switching switches 61 and 62 supply each of the output ter-
minals OUT1 to OUT 4 alternately with positive pixel voltage

and negative pixel voltage every horizontal scan period.

In the third embodiment, it 1s preferred that the selector 55
of each first D/A converter 57, which outputs the positive
pixel voltage, be configured only by p-channel MOS transis-
tors. Further, it 1s preferred that the selector 56 of each second
D/A converter 58, which outputs the negative pixel voltage,
be configured only by n-channel MOS transistors.

The driver IC 51 of the third embodiment has the advan-
tages described below.

Each of the selectors (selection circuits) 35 and 56 15 con-
figured by a dynamic circuit of which voltage dividing circuit
1s provided with a switch logic circuit function and a voltage
dividing resistor. Accordingly, in comparison to when using a
selection circuit that achieves these functions by combining a
typical CMOS logic circuit and a voltage dividing circuit, the
circuit scale may be reduced.

It should be apparent to those skilled 1n the art that the
present mvention may be embodied 1n many other specific
forms without departing from the spirit or scope of the mven-
tion. Particularly, 1t should be understood that the present
ivention may be embodied 1n the following forms.

The impedances of the switch circuit 31 and the short
switches SW1 and SW2 may be adjusted to suppress the
influence of ON resistances on the gray scale lines. The
impedances of the short switches SW1 and SW2 include, fo
example, a capacitance component, an iductance compo-
nent, and a combination of the capacitor component, the
inductance component, and the ON resistance of the short
switches SW1 and SW2.

The dniver IC 21, the gray scale selection circuit 40, and the
driver IC 51 may be applied to any display that enables the
display of gray scales, such as a field emitting display (FED)
or a surface-conduction electron emitting display (SED) that
uses a driver IC incorporating a D/A converter.

In the gray scale selection circuits 27, 27a, and 40, the
divisional voltages generated by the ladder resistors may be
divided 1nto, for example, two or eight.

In each of the above embodiments, the voltage dividing
circuit may be configured by, for example, a plurality of
capacitors. In this case, the driver IC includes a capacitance
dividing type D/A converter. The gray scale selection circuit
may be divided into different numbers of selection sections.

The present examples and embodiments are to be consid-
ered as 1llustrative and not restrictive, and the invention 1s not
to be limited to the details given herein, but may be modified
within the scope and equivalence of the appended claims.

What 1s claimed 1s:

1. A dniver IC for a display, the driver IC comprising;:

a first D/A converter including a first selection circuit
which recerves first image signals and supplies a
selected positive divisional voltage of gray scale in
accordance with the first image signals, and a first opera-
tional amplifier which receives the selected positive
divisional voltage and supplies a positive pixel voltage
by amplifying the selected positive divisional voltage;

a second D/ A converter including a second selection circuit
which receives second image signals and supplies a
selected negative divisional voltage of gray scale in
accordance with the second image signals, and a second
operational amplifier which receives the selected nega-
tive divisional voltage and supplies a negative pixel volt-
age by amplitying the selected negative divisional volt-
age; and

a polarity switching switch including first and second
switches connecting the first and second D/A converter
respectively, the polarity switching switch being
switched to supply each of output terminals correspond-
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ing to the first image signals and second 1image signals
alternately with the positive pixel voltage and the nega-
tive pixel voltage every horizontal scan period by acti-
vating and 1nactivating the first and second switches 1n a
complementary manner,

wherein the first selection circuit includes a plurality of
first switch circuits that are selectively activated 1n
accordance with the first image signals to select one of a
plurality of positive divisional voltages, each of the plu-
rality of first switch circuits 1s provided with a logic
switch function and has an ON resistance when acti-
vated, and the first selection circuit generates the
selected positive divisional voltage by further dividing,
the selected one of the plurality of positive divisional
voltages.

2. The dniver IC according to claim 1, further comprising:

a positive voltage dividing circuit which generates the plu-
rality of positive divisional voltages by dividing a pre-
determined positive reference voltage.

3. The driver IC according to claim 1, wherein the plurality
of first switch circuits are p-channel MOS {transistors con-
nected to the positive voltage dividing circuit.

4. A driver IC for a display, the driver IC comprising;:

a first D/A converter including a first selection circuit
which recerves first 1mage signals and supplies a
selected positive divisional voltage of gray scale 1n
accordance with the first image signals, and a first opera-
tional amplifier which receives the selected positive
divisional voltage and supplies a positive pixel voltage
by amplifying the selected positive divisional voltage;

a second D/ A converter including a second selection circuit
which recerves second image signals and supplies a
selected negative divisional voltage of gray scale 1n
accordance with the second 1image signals, and a second
operational amplifier which receives the selected nega-
tive divisional voltage and supplies a negative pixel volt-
age by amplifying the selected negative divisional volt-
age;

a polanty switching switch including first and second
switches connecting the first and second D/A converter
respectively, the polarity switching switch being
switched to supply each of output terminals correspond-
ing to the first image signals and second 1mage signals
alternately with the positive pixel voltage and the nega-
tive pixel voltage every horizontal scan period by acti-
vating and iactivating the first and second switches 1n a
complementary manner,

wherein the first selection circuit includes a plurality of
first switch circuits that are selectively activated 1n
accordance with the first image signals to select one of a
plurality of positive divisional voltages, each of the plu-
rality of first switch circuits 1s provided with a logic
switch function and has an ON resistance when acti-
vated, and the first selection circuit generates the
selected positive divisional voltage by turther dividing
the selected one of the plurality of positive divisional
voltages; and

a positive voltage dividing circuit which generates the plu-
rality of positive divisional voltages by dividing a pre-
determined positive reference voltage,

wherein the positive voltage dividing circuit includes a
plurality of series-connected ladder resistors which gen-
crates the plurality of positive divisional voltages from
the predetermined positive reference voltage, and an
activated one of the first switch circuits 1s connected 1n
parallel to one of the ladder resistors.
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5. The driver IC according to claim 4, wherein more than
one of the first switch circuits are activated and connected 1n
series to one another.

6. The driver IC according to claim 4, wherein the first
switch circuits are configured that ON resistances of the first

switch circuits have substantially the same value.
7. The driver I1C according to claim 4, further comprising:
a third D/ A converter which 1s configured as well as the first
D/A converter,
wherein the positive voltage dividing circuit 1s connected
to the selection circuits 1n each of the first and third D/A
converters, the plurality of positive divisional voltages

are supplied to each of the selection circuits, the plurality
of first switch circuits 1n each of the first and third D/A
converters has an impedance that 1s adjusted 1n accor-
dance with the distance from the positive voltage divid-
ing circuit.

8. A display comprising:

a liquid crystal panel;

a plurality of gate lines;

a plurality of source lines;

a gate drive circuit connected to the gate lines;

a source drive circuit connected to the source lines having
a first D/A converter including a first selection circuit
which receirves first image signals and supplies a
selected positive divisional voltage of gray scale 1n
accordance with the first image signals, and a first opera-
tional amplifier which receives the selected positive
divisional voltage and supplies a positive pixel voltage
by amplifying the selected positive divisional voltage,
and a second D/ A converter including a second selection
circuit which receives second 1image signals and supplies
a selected negative divisional voltage of gray scale 1n
accordance with the second 1image signals, and a second
operational amplifier which recerves the selected nega-
tive divisional voltage and supplies a negative pixel volt-
age by amplifying the selected negative divisional volt-
age; and

a polanty switching switch including first and second
switches connecting the first and second D/A converter
respectively, the polanty switching switch being
switched to supply each of output terminals correspond-
ing to the first image signals and second 1mage signals
alternately with the positive pixel voltage and the nega-
tive pixel voltage every horizontal scan period by acti-
vating and 1nactivating the first and second switches 1n a
complementary manner,

wherein the first selection circuit includes a plurality of
first switch circuits that are selectively activated 1n
accordance with the first image signals to select one of a
plurality of positive divisional voltages, each of the plu-
rality of first switch circuits 1s provided with a logic
switch function and has an ON resistance when acti-
vated, and the first selection circuit generates the
selected positive divisional voltage by further dividing
the selected one of the plurality of positive divisional
voltages.

9. The display according to claim 8, further comprising:

a positive voltage dividing circuit which generates the plu-
rality of positive divisional voltages by dividing a pre-
determined positive reference voltage.

10. The display according to claim 8, wherein the plurality
of first switch circuits are p-channel MOS transistors con-
nected to the positive voltage dividing circuit.

11. The display according to claim 8, wherein the display 1s
a liquad crystal display.
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12. A display comprising;:

a liquid crystal panel;

a plurality of gate lines;

a plurality of source lines;

a gate drive circuit connected to the gate lines;

a source drive circuit connected to the source lines having,
a first D/A converter including a first selection circuit
which receives first image signals and supplies a
selected positive divisional voltage of gray scale in
accordance with the first image signals, and a first opera-
tional amplifier which receives the selected positive
divisional voltage and supplies a positive pixel voltage
by amplifying the selected positive divisional voltage,
and a second D/ A converter including a second selection
circuit which receives second 1image signals and supplies
a selected negative divisional voltage of gray scale 1n
accordance with the second 1image signals, and a second
operational amplifier which receives the selected nega-
tive divisional voltage and supplies a negative pixel volt-
age by amplitying the selected negative divisional volt-
age;

a polarnty switching switch including first and second
switches connecting the first and second D/A converter
respectively, the polanty switching switch being
switched to supply each of output terminals correspond-
ing to the first image signals and second 1image signals
alternately with the positive pixel voltage and the nega-
tive pixel voltage every horizontal scan period by acti-
vating and inactivating the first and second switches in a
complementary manner,

wherein the first selection circuit includes a plurality of
first switch circuits that are selectively activated in
accordance with the first image signals to select one of a
plurality of positive divisional voltages, each of the plu-
rality of first switch circuits 1s provided with a logic
switch function and has an ON resistance when acti-
vated, and the first selection circuit generates the
selected positive divisional voltage by further dividing
the selected one of the plurality of positive divisional
voltages; and

a positive voltage dividing circuit which generates the plu-
rality of positive divisional voltages by dividing a pre-
determined positive reference voltage,

wherein the positive voltage dividing circuit includes a
plurality of series-connected ladder resistors which gen-
crate the plurality of positive divisional voltages from
the predetermined positive reference voltage, and an
activated one of the first switch circuits 1s connected 1n
parallel to one of the ladder resistors.

13. The display according to claim 12, wherein more than
one of the first switch circuits are activated and connected 1n
series to one another.

14. The display according to claim 12, wherein the first
switch circuits are configured such that ON resistances of the
first switch circuits have substantially the same value.

15. The display according to claim 12, further comprising;:

a third D/A converter which 1s configured as well as the first
D/A converter,

wherein the positive voltage dividing circuit 1s connected
to the selection circuits 1n each of the first and third D/A
converters, the plurality of positive divisional voltages
are supplied to each of to the selection circuits, the
plurality of first switch circuits 1n each of the first and
third D/ A converters has an impedance that 1s adjusted in
accordance with the distance from the positive voltage
dividing circuit.
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